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Appl. No. 10/620,743 Date: February 22, 2005 

Examiner: KENNEDY, JENNIFER M, Art Unit 2812 Attorney Docket No. 10112491 

In response to the Office Action dated November 29, 2004 

AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims 

Claim 1 (currently amended): A method for forming a trench capacitor, comprising: 

providing a semiconductor substrate, wherein a deep trench and a deep trench capacitor are 

formed therein, the deep trench capacitor having a node dielectric layer and a storage 

node, the node dielectric layer covering a sidewall and a bottom portion between the 

deep trench and the storage node of the deep trench capacitor, and the storage node 

filling the deep trench to a predetermined depth; 
ion implanting the top portion of the deep trench [[to]] at a predetermined angle to form an 

ion doped area on a single sidewall of the semiconductor substrate and the top surface 

of the deep trench capacitor; 
oxidizing tho oom i conductor substrate to form forming an oxide layer on the ion doped area; 
forming a sidewall layer on th e e xpos e d s e m i conductor s ub s trat e on the sidewall of the deep 

trench using the oxide layer as a mask , wherein the sidewall I aver is isolated from the 

storage node of the deep trench capacitor : 
removing the oxide layer; 

forming a barrier layer on the sid e wa ll interior of the deep trench and the sidewall layer : and 
filling a conducting layer in the deep trench. 

Claim 2 (original): The method for forming a trench capacitor of claim 1, wherein the ion source 
of the ion implantation is a gas mixture containing F, which promotes growth of the oxide layer. 

Claim 3 (original): The method for forming a trench capacitor of claim 2, wherein the gas mixture 
containing F is fluorine gas. 

Claim 4 (original): The method for forming a trench capacitor of claim 1 , wherein the sidewall 
layer is an epi-silicon layer. 
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Examiner: KENNEDY, JENNIFER M, Art Unit 2812 Attorney Docket No. 10112491 

In response to the Office Action dated November 29, 2004 

Claim 5 (original): The method for forming a trench capacitor of claim 1 , wherein the material of 
the sidewall layer is the same as the semiconductor substrate. 

Claim 6 (original): The method for forming a trench capacitor of claim 1, wherein the barrier 
layer is an oxide layer or a nitride layer. 

Claim 7 (original): The method for forming a trench capacitor of claim 1, wherein the conducting 
layer is a poly layer. 

Claim 8 (original): The method for forming a trench capacitor of claim 1 , wherein the node 
dielectric layer is a silicon nitride layer. 

Claim 9 (original): The method for forming a trench capacitor of claim 1, wherein the storage 
node is an n+ type doped poly. 

Claim 10 (currently amended): A method for forming a trench capacitor, comprising: 

providing a semiconductor substrate, wherein a deep trench and a deep trench capacitor are 
formed therein, the deep trench capacitor having a node dielectric layer and a storage 
node, the node dielectric layer covering a sidewall and a bottom portion between the 
deep trench and the storage node of the deep trench capacitor, the storage node filling 
the deep trench to a predetermined depth, and the deep trench has a first sidewall and 
a second sidewall; 

ion implanting the deep trench top portion [[to]] at a predetermined angle to form an ion 

doped area on the semiconductor substrate of the first sidewall and the top surface of 

the deep trench capacitor; 
oxidizing the semiconductor substrate to form a first oxide layer on the ion doped area and a 

second oxide layer on the second sidewall, wherein the thickness of the first oxide layer 

exceeds the thickness of the second oxide layer 
removing the second oxide layer to expose the semiconductor substrate of the second 

sidewall of the deep trench; 
forming a sidewall layer on the second sidewall using the first oxide layer as a mask; 
removing the first oxide layer to expose the semiconductor substrate of the first sidewall; 
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In response to the Office Action dated November 29, 2004 

conformally forming a first barrier fayer on the first sidewall, the sidewall layer, and the deep 
capacitor; 

forming spacers on the first sidewall and a sidewall of the sidewall layer sequentially: 
filling a first conducting layer in the deep trench; 

etching back the first conducting layer and the spacer to a predetermined depth; and 
conformally forming a second barrier layer on the first sidewall, the sidewall layer, and the 
first conducting layer, and the deep trench being filled with a second conducting layer. 

Claim 1 1 (original): The method for forming a trench capacitor of claim 10, wherein the ion 
source of the ion implantation is a gas mixture containing F, which promotes growth of the oxide 
layer. 

Claim 12 (original): The method for forming a trench capacitor of claim 1 1 , wherein the gas 
mixture containing F is fluorine gas. 

Claim 13 (original): The method for forming a trench capacitor of claim 10, wherein the sidewall 
layer is an epi-silicon layer. 

Claim 14 (original): The method for forming a trench capacitor of claim 10, wherein the material 
of the sidewall layer is the same as the semiconductor substrate. 

Claim 1 5 (original): The method for forming a trench capacitor of claim 1 0, wherein the first 
barrier layer is a nitride layer. 

Claim 16 (original): The method for forming a trench capacitor of claim 10, wherein the spacer is 
an oxide layer or a nitride layer. 

Claim 17 (original): The method for forming a trench capacitor of claim 10, wherein the first 
conducting layer is a poly layer. 

Claim 18 (original): The method for forming a trench capacitor of claim 10, wherein the second 
barrier layer is a nitride layer. 
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Claim 19 (original): The method for forming a trench capacitor of claim 10, wherein the second 
conducting layer is a poly layer. 

Claim 20 (original): The method for forming a trench capacitor of claim 10, wherein the node 
dielectric layer is a nitride silicon layer. 

Claim 21 (currently amended): The method for forming a trench capacitor of claim [[1]] 10, 
wherein the storage node is n+ type doped poly. 
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